A nemia is frequently encountered among patients with cardiovascular disease and importantly affects the outcome of patients with heart failure, 1 congenital heart disease, 2 and coronary artery disease (CAD) undergoing revascularization by means of percutaneous coronary intervention (PCI) [3] [4] [5] [6] [7] or coronary artery bypass graft surgery. 8, 9 Using the World Health Organization (WHO) definition, anemia has been diagnosed in as many as every fourth patient undergoing PCI, 3, 4 comparable to the prevalence of diabetes in recent all-comers trials. 10, 11 Among patients undergoing PCI, [3] [4] [5] [6] [7] anemia has been associated with adverse prognosis, particularly among those presenting with acute coronary syndromes (ACS). [12] [13] [14] The guidelines for the diagnosis and treatment of non-ST-segment elevation-ACS of the European Society of Cardiology (ESC) therefore recommend to take baseline hemoglobin levels into consideration during the initial risk stratification. 15 Iron deficiency caused by chronic bleeding is the most common cause of anemia, followed by conditions such as chronic infection, malignancy, autoimmune disease, and chronic kidney disease. 16 Anemia of chronic disease is multifactorial and encountered with increasing frequency in the elderly population. 17 Anemia caused by chronic bleeding frequently remains unrecognized and may be unmasked by intense and prolonged antiplatelet and antithrombotic therapies as applied among patients with CAD undergoing PCI. In our center, drug-eluting stents (DES) are considered by default in nearly all patient subsets, as suggested by the ESC guidelines on myocardial revascularization, 18 with the exception of patients with a recent history of active bleeding or planned surgery for noncardiovascular conditions within 6 months. This unrestricted use of DES among patients with severe anemia may be problematic for 2 reasons: first, there may be a procoagulant state in patients with anemia caused by chronic disease, which in turn could increase the risk of stent thrombosis (ST); second, anemia caused by occult bleeding may be exacerbated by the prolonged duration of DAPT required because of DES implantation. Moreover, premature discontinuation of DAPT may increase the risk of ST in patients treated with DES. Previous reports have mainly dealt with patients treated with bare metal stents, using shorter duration of DAPT and reported predominantly inhospital or short-term outcomes. [3] [4] [5] [6] [7] The purpose of the present analysis was to investigate the prevalence and impact of preprocedural anemia on clinical outcomes in a cohort of 6312 consecutive patients treated with the unrestricted use of DES during a follow-up period of up to 4 years.
WHAT IS KNOWN
• Anemia is frequently encountered among patients with cardiovascular disease. • Anemia importantly affects outcome of patients with coronary artery disease undergoing revascularization.
WHAT THE STUDY ADDS
• Anemia does not appear to influence the type of antithrombotic therapy at the time of hospital discharge. • Severe anemia is associated with impaired long-term survival and an increased risk of overall definite and definite or probable stent thrombosis. 
Methods

Patient Population
Procedures
PCI was performed in accordance with practice guidelines. 18 Unfractionated heparin in a dose of 5000 IU or 70 to 100 IU/kg was administered during the procedure to maintain an activated clotting time Ͼ250 seconds. Dual antiplatelet therapy with at least 100 mg of acetylsalicylic acid and 300 to 600 mg of clopidogrel was installed before or at the time of the procedure; at discharge, acetylsalicylic acid was continued indefinitely, whereas clopidogrel was prescribed for a duration of at least 12 months. The periprocedural use of glycoprotein IIb/IIIa inhibitors was left to the discretion of the operator. A 12-lead ECG was routinely obtained before and after the procedure, and cardiac enzymes were assessed within 24 hours of the procedure. Creatinine kinase (CK), CK-MB, and troponin T were repeated every 6 to 8 hours until identification of the peak levels in patients with signs of ischemia.
Data Collection
Patients were actively followed-up for the ascertainment of major adverse cardiac events. Survival data for all patients were obtained from hospital records and municipal civil registries. A health questionnaire was sent to all living patients with questions on rehospitalization and major adverse cardiac events. In the case of missing response, patients were contacted by telephone. General practitioners, referring cardiologists, and patients were contacted as necessary for additional information. For patients who underwent treatment for major adverse cardiac events at other medical institutions, external medical records, discharge letters, and coronary angiography documentation were systematically collected and reviewed.
Definitions
Anemia was defined as a hemoglobin concentration of Ͻ120 g/L for women and Ͻ130 g/L for men, according to the definition of the WHO. 19 Patients with hemoglobin levels below the 25 th percentile of anemic patients separately assessed for men and women were defined to have severe anemia. Initial analyses explored the differences between the groups with severe anemia versus no anemia, severe anemia versus mild anemia, and mild anemia versus no anemia. Because of the lack of apparent differences between the groups with mild anemia versus no anemia, we decided to merge the lowest risk group, no anemia, with that of mild anemia. In further analyses, we focused our analysis to explore the differences between patients with severe anemia as compared with those with mild/no anemia. Cardiac death was defined as any death due to an immediate cardiac cause, procedure-related mortality, and death of unknown cause. Q-wave and non-Q-wave myocardial infarction were differentiated. Q-wave myocardial infarction involved symptoms or signs of ischemia in the presence of new pathological Q-waves in Ն2 contiguous leads on ECG. Non-Q-wave myocardial infarction required an elevation in CK to Ն2ϫ upper limit of normal and a rise in CK-MB or troponin to Ն3ϫ upper limit of normal in the presence of ischemic symptoms or ischemic ECG changes. Target vessel revascularization (TVR) involved any repeat revascularization within the major coronary vessel of the target-lesion. Target lesion revascularization (TLR) was determined as revascularization for a stenosis within the stent or the 5-mm borders adjacent to the stent. The diagnosis of ST was based on the Academic Research Consortium definitions. 20 We prespecified the use of only the first event in each event category. Subsequent events in the same category have not been considered for the purpose of this analysis.
Statistical Analysis
The prespecified primary outcome was death overall. We used Cox proportional hazards models for comparisons between groups, after initial adjustment for type of stent only (early or newer generation), and full adjustment for type of stent, sex, diabetes, renal impairment, age, body mass index, hypertension, dyslipidemia, smoking, left ventricular ejection fraction, and acute coronary syndrome. Because the number of outcome events was low for definite ST and the composite of definite or probable ST, we were unable to use conventional multivariable analysis using all baseline characteristics as covariates. Therefore, we derived propensity scores for severe anemia using a probit model with the remaining 10 baseline characteristics as covariates. The propensity score represents the probability of a patient to have severe anemia at baseline, given the patient's remaining baseline characteristics. Observations with the same propensity score for severe anemia have the same distribution of the remaining baseline characteristics. Fully adjusted analyses were then performed by including the propensity score as a continuous variable and stent type in the model. We then performed stratified analyses of the primary outcome of death overall according to the following characteristics: age (Ն65 versus Ͻ65 years), sex, diabetes status, renal failure, and presence of ACS at baseline. Clinical outcome data are presented as number of events and cumulative incidence rates. Categorical characteristics at baseline were compared using a 2 test and continuous variables using univariable regression analysis. All analyses were performed using STATA 11.0. Probability values and 95% confidence intervals (CI) are 2-sided.
Results
Between April 2002 and March 2009, 6528 consecutive patients underwent PCI with the unrestricted use of early and newer generation DES. Patients with missing hemoglobin values (nϭ216) were excluded, resulting in 6312 patients for the purpose of this study. For the overall cohort and those alive throughout the study period, the mean duration of follow-up and standard deviation (SD) was 3.1 years (0.8); the median and interquartile range was 3.1 (interquartile range, 2.5-4 years). The follow-up duration was comparable among the two categories of anemia with median (interquartile range) for no/mild anemia being 3.0 years (2.0 -3.9) and severe anemia being 3.0 years (2.3-4.0). In total, 127 patients did not have adequate follow-up as defined as a duration of follow-up of 900 days.
Baseline Characteristics
Anemia as defined by the WHO definition was observed among 1366 (21.6%) patients without differences in the prevalence of anemia among patients with ACS and stable CAD (22.1% versus 21.1%; Pϭ0.31). Anemia was severe in 347 patients (5.5%). Anemia was more prevalent among the elderly (PϽ0.001), diabetics (PϽ0.001), and patients with chronic kidney disease (PϽ0.001) ( Table 1 ). There were no differences between patients with severe anemia or mild/no anemia in the prescription of antiplatelet agents at the time of hospital discharge ( Table 2 ).
Anemia and Outcome
Clinical outcomes during long-term follow-up are summarized in Figure 1 ). Whereas a landmark analysis with a cutoff set at 30 days after the procedure showed no difference with regard to mortality during the periprocedural period (severe versus mild/no anemia: HR, 1.51; 95% CI, 0.68 -3.33; Pϭ0. 31) , an increased risk of death was observed for patients with severe anemia as compared with patients with mild/no anemia during late follow-up (HR, 1.97; 95% CI, 1.41-2.73; PϽ0.0001) ( Figure 2 ). In stratified analyses across various subgroups, the increased risk of mortality related to severe anemia was consistent without significant interaction among female patients (P interaction ϭ0.857), diabetic patients (P interaction ϭ0.119), those with chronic renal failure (P interaction ϭ0.975), and patients presenting with ACS (P interaction ϭ0.613); we observed a trend toward a particularly high risk of mortality among anemic patients Ͻ65 years of age (P interaction ϭ0.066) ( Figure 3 ). The risk of overall definite ST was higher among patients with severe anemia as compared with patients with mild/no anemia after initial (HR, 2.33; 95% CI, 1.34 -4.06; Pϭ0.00287) and full adjustment (HR, 2.59, 95% CI, 1.48 -4.54; Pϭ0.00089) ( Table 3 and Figure 4 ). The risk difference reached statistical significance in the early follow-up period but was also apparent during the late follow-up period ( Figure 5 ). In a stratified analysis according to dual antiplatelet status (off versus on) at the end of follow-up, we observed no significant interaction in the relative risk for all major ischemic end points between patients with severe anemia and those without.
Discussion
The present study investigating the impact of anemia on outcomes among patients undergoing revascularization with the unrestricted use of DES has the following findings: (1) The prevalence of anemia in an unselected patient cohort undergoing PCI was high and associated with advanced age, diabetes, and chronic kidney disease. (2) Anemia did not appear to influence the type of antithrombotic therapy at the time of hospital discharge. (3) Severe anemia was associated with impaired long-term survival. Differences emerged early and continued to accrue during long-term follow-up.
(4) Severe anemia was associated with an increased risk of overall definite and definite or probable ST.
Consistent with previous reports of patients undergoing PCI, 3, 4 the prevalence of anemia amounted to 21.6% in the present study and was comparable to the incidence of diabetes in all-comers trials. 10, 11 The observed association of severe anemia with advanced age, diabetes, and renal insuf- ficiency has been reported in previous registries of patients undergoing PCI [3] [4] [5] and reflects well-known clinical relationships. [21] [22] [23] Accordingly, the relatively high prevalence of anemia in patients with CAD undergoing PCI as compared with patients in a primary care setting 24 may be explained by common risk factors such as advanced age, diabetes, and chronic kidney disease. In addition, anemia may precipitate myocardial ischemia and unmask significant coronary steno- Full model for definite ST and definite or probable ST adjusted for type of stent generation and propensity score. HR indicates hazard ratio; CI, confidence interval; MI, myocardial infarction; TLR, target lesion revascularization; TVR, target vessel revascularization; ST, stent thrombosis. ses eventually leading to revascularization. Furthermore, antiplatelet therapy initiated before PCI may have led to undetected chronic bleeding exacerbating anemia.
Conversely, severe anemia as assessed during hospital admission did not influence the choice of periprocedural antithrombotic treatment nor the antiplatelet regimen at the time of hospital discharge, despite the known correlation of anemia and the subsequent risk of bleeding in ACS patients. 25 This observation contrasts with a previous report, in which patients with anemia did not receive optimal antiplatelet treatment due to concerns of bleeding complications. 13 The importance of dual antiplatelet therapy has repeatedly been stressed in the DES era and might explain the strict adherence to antiplatelet agents after stent implantation in the present study. Moreover, because anemia was manifest before the intervention with no active source of bleeding, the use of dual antiplatelet therapy was not formally contraindicated. Patients with anemia caused by manifest bleeding typically will not undergo elective PCI or be treated with bare metal stents and therefore are not reflected in the present study. Finally, compliance with dual antiplatelet therapy after hospital discharge was not regularly monitored and might have shown differences between patients with and without anemia during longer-term follow-up.
Severe anemia was associated with impaired survival. Differences in survival emerged early and continued to accrue during long-term follow-up to 4 years. Our findings corroborate the results from a pooled analysis from the EPIC, EPILOG, and EPISTENT trials in the balloon angioplasty and bare-meta stent era for patients with severe anemia, although we failed to document an adverse clinical outcome for patients with mild anemia. 26 The association of anemia with impaired periprocedural outcome 3 or survival at 1 year 4,5 among patients undergoing PCI is well established and appears not to be affected by the implementation of DES in clinical practice. Several mechanisms can be held responsible for the observed increase in all-cause mortality and cardiac death in particular. Reduced blood hemoglobin levels may compromise myocardial oxygen delivery and therefore result in ischemia when they fall below the functional capacity of myocardial reserve. As a physiological adaptative mechanism, cardiac output, does increase in response to anemia to maintain systemic oxygen delivery. This in turn results in tachycardia and ventricular hypertrophy 27 associated with a further increase in myocardial oxygen demand and might provide a basis for the higher rate of myocardial infarction in patients with severe anemia. Alternatively, anemia might be the manifestation of some underlying chronic disease interfering with long-term survival. Even though survival analysis was adjusted for known confounding factors such as advanced age, diabetes, and chronic kidney disease, the prevalence of malignancies was not assessed and may become increasingly important with longer durations of follow-up. Finally, patients with severe anemia tend to receive more blood transfusions, which in turn have been shown to exert an adverse impact on survival independent of hemoglobin levels. 28 -30 Our findings suggest that patients undergoing PCI with severe anemia at baseline are at risk for overall definite and definite or probabale ST. The risk was apparent during the early study but also during the late follow-up period. Even though no difference in the prescription of dual antiplatelet therapy was noted at the time of hospital discharge, the increased risk of early ST may have been related to premature discontinuation of antiplatelet agents-a strong predictor of ST in the DES era. 31 Alternatively, patients who had early ST also had anemia of chronic disease associated with malignancies or autoimmune diseases, which may in turn be associated with prothrombotic activity.
In conclusion, our results suggest alarmingly high rates of overall mortality and ST among patients with severe anemia treated with DES. Several reasons may explain this finding. First, the implantation of DES in patients with anemia due to chronic disease and a procoagulant state may increase the risk of ST. Second, prolonged DAPT in patients with DES may exacerbate anemia caused by occult bleeding. Third, anemia may be a mere marker for adverse outcome: patients with anemia at baseline could be more likely to have adverse events because of conditions that caused anemia, irrespective of the selected type of stent. If the first 2 reasons apply, DES may be contraindicated. We therefore conclude that in patients with severe anemia, it is unclear whether the potential advantages of DES justify its use. Caution requires that unless data from randomized trials indicate otherwise, bare metal stents should be used instead. The high event rate found in our analysis suggests that a 2-arm trial with approximately 1200 patients would have enough power to detect superiority of DES over bare metal stents in terms of a clinically relevant 30% relative risk reduction in the composite of cardiac death, myocardial infarction, or TVR, and also noninferiority in terms of overall mortality at a margin of 1.3 on a relative risk scale.
Limitations
This study has several limitations. First, the presented data reflect the prospective experience of a tertiary care cardiology unit; patients with ACS referred from primary and secondary care facilities may have been pretreated (intravenous fluids, antiplatelet agents) before presentation to our institution, which might have influenced the laboratory evaluation at baseline (which was assessed immediately before PCI). Second, the observed association between anemia and clinical outcome in this observational study may be confounded by variables that were not recorded and hence could not be adjusted for (such as subclinical malignancies or inflammation). We deem it unlikely, however, that this could fully explain the associations as observed after initial and full adjustment. Bare metal stents may have been preferred in patients with severe anemia potentially caused by known chronic bleeding to circumvent the need for prolonged dual antiplatelet therapy.
Conclusions
Anemia is a common finding in patients undergoing revascularization by PCI, and severe anemia is associated with an increased risk of overall and cardiac mortality, myocardial infarction, and ST during long-term follow-up. Therefore, hemoglobin levels at presentation should be routinely considered as part of the risk stratification in patients undergoing PCI irrespective of clinical presentation with stable or unstable CAD.
Disclosures
None.
